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Description 

The present invention relates to an adsorbent for removing from body fluid at least one interleukin (hereinafter 
referred to as "IL") selected from the group consisting of interleukin-1 (hereinafter referred to as "IL-1"), interleukin-2 

5 (hereinafter referred to as "^-2"), interleukin-6 (hereinafter referred to as "IL-6") and interleukin-8 (hereinafter referred 
to as "IL-8"); a method for removing the above-mentioned IL(s) in body fluid by means of the above-mentioned adsorb- 
ent; an adsorber tor removing the above-mentioned IL(s) by means of the above-mentioned adsorbent; an adsorbent 
for removing tumor necrosis factor (hereinafter referred to as TNF"); a method for removing TNF from body fluid by 
means of the above-mentioned adsorbent; and an adsorber for removing TNF by means of the above-mentioned 

10 adsorbent. 

An immnocompetent cell produces various kinds of active substances when causing immune response, One por- 
tion thereof is a proteinous substance called a cytokine and plays a greatly important role as a biophylactic factor which 
is closely related to various kinds of antigen-specific response and/or non-specific inflammatory response. Essentially, 
a cytokine is necessary and indispensable for maintaining biological homeostasis and is produced excessively in path- 
is ofogical conditions such as inflammation and the like, relating to the.formation and the prolongation of inflammation and 
the like. 

IL-1 , the gene thereof was cloned in from 1984 to 1985, is a proteinic factor having a molecular weight of about 17 
kD which is produced mainly from cells of the monocyte/macrophage lineage. As IL-1 , there exist IL-1a and IL-1 p which 
are originated from different genes, respectively. The activated macrophage produces IL-1 a and IL-1 p in a IL-1 a : IL-ip 
20 ratio of about 1:9. 

It has been made clear that IL-1 plays art important role in all kinds of biological reactions such as immune, inflam- 
mation, hematopoiesis. secretion in the nerve, biological homeostasis and the like. Contrary to this, it has been shown 
that an abnormal production of IL-1 causes various kinds of diseases. For example, there is autoimmune disease as 
one of the diseases and it has been shown that IL-1 relates to the formation of inflammation of connective tissue dis- 

25 eases causing a systemic chronic inflammation and, among them, particularly to the formation of inflammation of rheu- 
matoid arthritis (hereinafter referred to as "RA"). IL-1 has a cartilage destroying function by causing overproduction of 
prostaglandins and collagenase from synovial cells and chondrocytes, and a bone resorbing function by causing acti- 
vation of osteoclasts, and it has been strongly shown that there is a possibility that IL-1 relates to the formation of rheu- 
matoid joints. Then, it has been reported that when IL-1 is injected into a cavitus articulare of a treated animal, fugitive 

30 arthrisis can be reappeared. And, it has been shown that IL-1 plays a leading role in the pathogenesis of RA. Further, 
in recent years, the fallowings have been reported; in diseases which are included by the concept such as systemic 
inflammatory response syndrome (hereinafter referred to as "SIRS"), inflammatory cytokines such as IL-1 and the like 
are produced excessively, and the systemic inflammatory response proceeds mainly because of functions of these 
cytokines; then, tissular disorders and failures of many organs occur and, sometimes, a death is caused. Further, a 

35 higher concentration of IL-1 has been detected in an inflammatory site or in peripheral blood of a patient with lupus ery- 
thematosus, Lyme disease, osteoporosis, Kawasaki disease, gouty arthritis, endometritis or premature labor than that 
of a normal human, and it has been shown that IL-1 relates closely to the formation of the above-mentioned inflamma- 
tion in these diseases. Further, it has been shown that IL-1 is produced in a patient on dialysis because of various kinds 
of factors, and that IL-1 relates closely to the pathogenesis of dialytic complications including dialysis related amyloido- 

40 sis. Also, IL-1 has a function for accelerating the production of other cytokines in addition to the above-mentioned func- 
tions, and it is confirmed that IL-1 is a main causative substance of vicious circle in inflammation. Though IL-1 relates 
closely to the inflammation of each kind of diseases, the present situation is that any effective method of inhibiting the 
functions of IL-1 or of removing IL-1 from body fluid of patients with the above-mentioned diseases has not been estab- 
lished. 

45 Also, IL-2 is an active factor found by Morgan et al in 1976 as T cell growth factor (TCGF) capable of maintaining T 

cell for a long term, from an activated culture medium obtained by culturing' lymphocytes of peripheral blood with an 
antigen, mitogen or the like. It has been gradually made clear in later researches that this active factor has an activity 
to accelerate the division of a thymocyte, to activate a cytotoxic T cell, to derive the differentiation of a B cell, to activate 
a natural killer (NK) cell, and to derive an activity of a lymphokine activated killer (LAK). The TCGF was named IL-2 uni- 

so formly in 1979. And then, the gene of IL-2 was cloned by Taniguchi et al in 1 983 and the primary structure thereof was 
made clear. 

IL-2 is produced mainly by a T cell, acts on cells with IL-2 receptor (IL-2R) on the surface thereof, such as a T cell, 
a B cell, a NK cell, a monocyte, a macrophage, a glioma cell and the like, and has various functions to cause prolifera- 
tion, differentiation, activation and the like of the above-mentioned cells. It has been shown, however, that an abnormal 
55 production of IL-2 has a harmful function on a living body. For example, it is known that a cytokine exists in blood of a 
patient with sepsis in an abnormally high concentration. When sepsis becomes serious, the so-called "septic shock" 
occurs. This septic shock can be classified to two types. As one type, it has been reported that IL-2 exists in an abnor- 
mally high concentration and relates to the formation of inflammation thereof (refer to S. Endo et al, Circulatory Shock, 
38, pages 264-274 (1992)). Also, it has been reported that among septic shocks, the septic shock to which IL-2 relates 
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has a bad prognosis. As described in the above, though IL-2 relates closely to the formation of septic shock, the present 
situation is that any method of inhibiting the functions of IL-2 or of removing IL-2 from body fluid has not been estab- 
lished. 

Further, IL-6 was isolated and purified by Kishimoto et al in 1985 as a factor to derive only the production of anti- 

5 body without causing the acceleration of proliferation of an activated B cell. And, IL-6 is a cytokine of which cDNA was 
isolated and of which whole base sequence was determined by Hirano et al in 1 986. 

IL-6 has many biological activities, for example, to cause the derivation of the production of acute phase protein in 
an immunocompetent cell and a hepatic cell. 

IL-6 is produced from each kind of various cells such as a monocyte, a fibroblast, an angioendothelial cell and a 

10 skin keratinocyte when the stimulation of various kinds of inflammatory substances including lipopolysaccharide (LPS) 
are added thereto. And, therefore, chronic inflammatory response occurs by an overproduction of IL-6 because IL-6 has 
a function for enhancing the inflammatory response. For example, it has been reported that IL-6 is produced by a B lynv 
phoblast in centroblast of enlarged lymph nodes of Castleman disease, and the improvement of clinical symptom and 
the decrease of serum level of IL-6 are caused by a surgical removal of the lesional lymph nodes. In further recent 

is years, it has been reported that in diseases included by'the above-mentioned concept SIRS, the concentration of 
inflammatory cytokines such as IL-6 in blood is high, and systemic inflammatory response proceeds mainly because of 
these functions similarly in the case of IL-1 , then tissular disorders and failures of many organs occur and, sometimes, 
a death is caused. An abnormally higher concentration of IL-6 isdetected in an inflammatory site or in peripheral blood 
of a patient with autoimmune diseases such as RA, systemic lupus erythematosus, chronic diseases with proliferation 

20 such as mesangial nephritis and psoriasis and, further, dialytic complications such as dialysis related amyloidosis than 
in that of a normal human. And, it is considered that IL-6 relates closely to the formation of inflammation of those dis- 
eases. It is, however, the present situation is that any effective method of inhibiting the functions of IL-6 in body fluid or 
of removing IL-6 from body fluid has not been established. 

IL-8 is a cytokine purified as monocyte-derived neutrophil chemotactic factor (MDNCF), and gene thereof was also 

25 cloned by Matsushima et al in 1 987. According to later researches, IL-8 has chemotaxis not only to a neutrophil but also 
to a basophil and at T lymphocyte. IL-8 is produced by various kinds of cells such as a monocyte, a macrophage, a 
fibroblast, an angioendothelial cell, a chondrocyte and the like. 

The infiltration of a neutrophil and a lymphocyte can be reappeared even in yjvo by intracutaneous/subcutaneous 
and intra-articular administration of IL-8. 

30 To maintain the administration of a large amount of IL-8 is remarkably harm to tissues, and causes the destruction 
of tissues of adult respiratory distress syndrome in an alveolus and the destruction with the infiltration of a large amount 
of lymphocytes in an arthrosis. Experimentally, IL-8 relates essentially to the infiltration of a neutrophil in dermatitis 
derived by lipopolysaccharide and during reperfusion after ischemia. And, it has been proved that the destruction of tis- 
sues can be almost completely inhibited by a neutralizing antibody against IL-8. Further, an abnormally higher concen- 

35 tration of IL-8 has been detected in an inflammatory site or in peripheral blood of a patient with diseases such as RA, 
gouty arthritis, psoriasis, contact dermatitis, idiopathic fibroid lung, adult respiratory distress syndrome, inflammatory 
bowel disease, immune angiitis, glomerular nephritis, urinary tract infection, cardiac infarction, asthma, respiratory tract 
infection, perinatal infectious disease, rejection in organ transplantation and the like, than in that of a normal human 
(refer to Menekiyakuri, 12, No. 1, pages 15-21 (1994)). In further recent years, it has been reported that in diseases 

40 included by the above-mentioned concept SIRS, the concentration of inflammatory cytokines such as IL-8 in blood is 
high, and systemic inflammatory response proceeds mainly because of those functions similarly to in the cases of IL-1 
and IL-6, and then tissutar disorders and failures of many organs occur and, sometimes, a death is caused. Further, IL- 
8 is produced in a patient on dialysis because of various kinds of factors, and it has been shown that IL-8 relates closely 
to the pathogenesis of dialytic complications including dialysis related amyloidosis. It is, however, the present situation 

45 is that any effective method of inhibiting the functions of IL-8 in body fluid or of removing IL-8 from body fluid has not 
been established. 

Then, TNF can be mainly classified to a tumor necrosis factor originated from cells of the monocyte/macrophage 
lineage (hereinafter referred to as "TNFa ") and to a tumor necrosis factor originated from a lymphocyte (hereinafter 
referred to as "TNFp "). It was reported by Carswell et al in 1975 that TNFa was found as a biologically active substance 

so which appears in blood when Bcillus Caimette-Guerin (BCG) was administered to a CD-1 Swiss mouse and, then, after 
two weeks a bacterial mitogen was administered. The amino acid sequence thereof was made clear by Aggarwa et al. 
Also, the amino acid sequence and gene arrangement of human TNFa were made clear by Pennica et al, Shirai et al 
and Wang et al in 1985. TNFp was reported by Granger et al in 1968 as a factor which gives damage not to a normal 
cell but only to a tumor cell or as a factor which inhibits the growth of a tumor cell. And. human-type cDNA of TNFp was 

55 cloned and the structure thereof was determined by Gray et al in 1984. Though TNFp was also called lymphotoxin (LT), 
TNFp has been called TNFp because TNFp has about 30 % of homology to TNFa. Though both of TNFa and TNFp 
bind to the same receptor and it is considered that they have an approximately same activity, TNFa has a higher activity 
and a slightly different activity has been found between them recently. 
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According to the recent researches, it has been made clear that the effect of TNF relates not only to antineoplastic 
activity but also to immune, inflammation, fat metabolism, coagulating and fibrinolysis cascades, hemopoiesis and the 
like. From the researches until now an abnormally higher concentration of TNF is detected in an inflammatory site or in 
peripheral blood of a pateint with a disease such as RA or arterioslerosis than in that of a normal human. And the rela- 

5 tion between TNF and these diseases has been shown. In further recent years, in diseases included by the above-men- 
tioned concept SIRS, an inflammatory cytokine such as TNF or the like is produced excessively, a systemic 
inflammatory response proceeds mainly because of these functions, and then tissular disorders and failure of many 
organs occur and, sometimes, a death is caused. Further, TNF is produced in a patient on dialysis because of various 
kinds of factors, and it has been shown that TNF relates closely to the pathogenesis of dialytic complications including 

w dialysis related amyloidosis. Also, in addition to the above-mentioned functions, TNF has a function for accelerating the 
production of other cytokines and is considered to be a main causative substance of the vicious circle of an inflamma- 
tory site. It is, however, the present situation is that any effective method of inhibiting the effect of TNF in body fluid or 
of removing TNF from body fluid has not been established. 

In order to efficiently adsorb at least one IL selected from the group consisting of IL-1 , IL-2, IL-6 and IL-8 which are 

15 present in body fluid and efficiently adsorb TNF which is presents body fluid, an adsorbent which can adsorb the 
above-mentioned IL(s) and an adsorbent which can adsorb TNF were studied. As a result, it was found that a material 
which comprises a porous water-insoluble carrier and a compound satisfying the value of log P of at least 2.50, in which 
P is a distribution coefficient in an octanol-water system, and being immobilized onto the carrier, can efficiently adsorb 
the above-mentioned IL(s) and TNF in body fluid. Then, the present invention has been accomplished. 

20 An object of the invention is to provide an adsorbent which can efficiently adsorb at least one IL selected from the 

group consisting of IL-2, IL-6 and IL-8 which are present in body fluid. 

A further object of the invention is to provide a process for removing the above-mentioned IL(s) in body fluid by 
means of the above-mentioned adsorbent. 

A still further object of the invention is to provide an adsorber for removing the above-mentioned IL(s) by means of 

25 the above-mentioned adsorbent. 

Another object of the invention is to provide an adsorbent which can efficiently adsorb TNF in body fluid. 
A further another object of the invention is to provide a method for removing TNF in body fluid by means of the 
above-mentioned adsorbent. 

A still further another object of the invention is to provide an adsorber for removing TNF by means of the above- 

30 mentioned adsorbent. 

These and the other objects of the present invention will become apparent from the description hereinafter. 
In accordance with the present invention, there is provided an adsorbent for removing at least one interleukin 
selected from the group consisting of interleukin-1, interleukin-2, interleukin-6 and interleukin-8, which comprises a 
porous water-insoluble carrier and a compound satisfying the value of log P of at least 2.50, in which P is a distribution 

35 coefficient in an octanol-water system and being immobilized onto the carrier; a process for removing at least one inter- 
leukin selected from the group consisting of interleukin-1, interleukin-2, interleukin-6 and interleukin-8 in body fluid, 
which comprises bringing the body fluid into contact with an adsorbent for removing at least one interleukin selected 
from the group consisting of interleukin-1, interleukin-2, interleukin-6 and interleukin-8, which comprises a porous 
water-insoluble carrier and a compound satisfying the value of log P of at least 2.50, in which P is a distribution coeffi- 

40 cient in an octanol-water system and being immobilized onto the carrier; and an adsorber for removing at least one 
interleukin selected from the group consisting of interleukin-1, interleukin-2, interleukin-6 and interleukin-8, wherein a 
container having an inlet and an outlet for fluid is charged with an adsorbent for removing at least one interleukin 
selected from the group consisting of interleukin-1, interleukin-2, interleukin-6 and interleukin-8, which comprises a 
porous water-insoluble carrier and a compound satisfying the value of log P of at least 2.50, in which P is a distribution 

45 coefficient in an octanol-water system and being immobilized onto the carrier, and is equipped with a means preventing 
the adsorbent from effusing outside of the container. 

Further, according to the present invention, there is provided an adsorbent for removing tumor necrosis factor, 
which comprises a porous water-insoluble carrier and a compound satisfying the value of log P of at least 2.50, in which 
P is a distribution coefficient in an octanol-water system and being immobilized onto the carrier; a process for removing 

so tumor necrosis factor in body fluid, which bringing the body fluid into contact with an adsorbent for removing tumor 
necrosis factor, which comprises a porous water-insoluble carrier and a compound satisfying the value of log P of at 
least 2.50, in which P is a distribution coefficient in an octanol-water system and being immobilized onto the carrier; and 
an adsorber for removing tumor necrosis factor, wherein a container having an inlet and an outlet for fluid is charged 
with an adsorbent for removing tumor necrosis factor, which comprises a porous water-insoluble carrier and a com- 

55 pound satisfying the value of log P of at least 2.50. in which P is a distribution coefficient in an octanol-water system 
and being immobilized onto the carrier, and is equipped with a means preventing the adsorbent from effusing outside 
of the container. 

Preferably, in the above-mentioned adsorbent for removing the above-mentioned IL(s), the porous water-insoluble 
carrier has a molecular weight of exclusion limit measured with globular proteins from 5 x 10 3 to 6 x 10 5 . 
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Also, preferably, in the above-mentioned adsorbent for removing TNF, the porous water-insoluble carrier has a 
molecular weight of exclusion limit measured with globular proteins from 1 x 10 4 to 6 x 10 5 . 

Fig. 1 is a section showing an outline of an example of the adsorber of the present invention. 
Fig. 2 is a graph showing a relation between a flow rate and a pressure loss AP obtained in Reference Example, 
5 mentioned later. 

The term "body fluid" in the present invention means blood, plasma, serum, ascites, lymph, synovia, a fraction com- 
ponent obtained from these fluids, and another liquid component derived from a living body. 

In the adsorbent of the present invention, a compound having the log P value of at least 2.50 is immobilized onto a 
porous water-insoluble carrier. 

10 The value of log P is a hydrophobic parameter of a compound, the distribution coefficient P in an octanol-water sys- 
tem is obtained according to the following typical method. First of all. a compound is dissolved in octanol (or water) and 
an equal volume of water (or octanol) is added thereto. After shaking for 30 minutes by Griffin flask shaker (made by 
Griffin & George Ltd.), it is centrifuged for from 1 to 2 hours at 2000 rpm. Then concentrations of the compound in both 
octanol and water layers are measured by various methods such as spectroscopic method and GLC, and the value of 

is . P is obtained according to the following formula: 

P = Coct/Cw 

Coct: concentration of a compound in an octanol layer 
20 Cw: concentration of a compound in a water layer 

Until now, many investigators have measured values of log P of various compounds and the found values were 
put in order by C. Hansch et al (refer to "PARTITION COEFFICIENTS AND THEIR USES"; Chemical Reviews, H, page 
525(1971)). 

25 As to the compounds whose found values are unknown, the calculated values using a hydrophobic f ragmental con- 
stant f (such value hereinafter referred to as "L f"), shown in "THE HYDROPHOBIC F RAGMENTAL CONSTANT" (Else- 
vier Sci. Pub. Com., Amsterdam, 1977) written by R. F. Rekker, can be a good guide. It has been reported that a 
hydrophobic fragmental constant f shows the hydrophobicity of various fragments, which are determined by a statistical 
management of many found values of log P. and the total of f of each fragment which is a constituent of one compound 

30 almost corresponds to log P. 

In the present invention, a compound to be immobilized onto a porous water-insoluble carrier can be employed 
without particular limitation, provided that the compound satisfies that the value of log P is at least 2.50. However, 
because a part of a compound is often eliminated in case of binding a compound onto a carrier by chemical binding 
method, when an eliminated group greatly contributes to hydrophobicity of the compound, that is to say, when hydro- 

35 phobicity of atomic group which is immobilized onto the carrier becomes smaller than L f=2.50 by elimination, such 
compound is not suitable as the compound used in the present invention in viewpoint of the purpose of the present 
invention. 

One example case using such unsuitable compound is the case when isopentyl benzoate (Z f=4.15) is immobi- 
lized onto the carrier having hydroxy! group by esterif ication. In that case, the atomic group which is practically immobi- 
le lized onto the carrier is C 6 H 5 -CO-, the L f of this atomoic group is 1 or less than 1 . Whether such compound is sufficient 
as a compound used in the present invention or not may be determined depending on whether the value of log P, when 
an elimination part of the group is substituted by hydrogen, is at least 2.50 or not. 

Among the compounds satisfying that the value of log P is at least 2.50, it is preferable to use compounds having 
a functional group which can be utilized for binding the compound onto the carrier, such as an unsaturated hydrocarbon, 
45 an alcohol, an amine, a thiol, a carboxylic acid and a derivative thereof, a halide, an aldehyde, a hydrazide, an isocy- 
anate, a compound containing an oxirane ring such as a glycidyl ether and a silane halide. 

Representative examples of such compound are, for instance, amines such as n-heptylamine, n-octylamine, 
decylamine, dodecylamine, hexadecylamine, octadecylamine, 2-aminooctene, naphthylamine, phenyl-n-propylamine 
and diphenylmethylamine, alcohols such as n-heptyl alcohol, n-octyl alcohol, dodecyl alcohol, hexadecyl alcohol, 1- 
so octene-3-ol, naphthol, diphenylmethanol and 4-phenyl-2-butanol, glycidyl ethers obtained from these alcohols, carbox- 
ylic acids such as n-octanoic acid, nonanoic acid, 2-nonenoic acid, decanoic acid, dodecanoic acid, stearic acid, ara- 
chidonic acid, oleic acid, diphenylacetic acid and phenylpropionic acid, carboxylic acid derivatives such as halides, 
esters and amides of these carboxylic acids, halides such as octyl chloride, octyl bromide, decyl chloride and dodecyl 
bromide, thiols such as octanethioi and dodecanethiol, silane halides such as n-octyltrichlorosilane and octadecyl- 
55 trichlorosilane, aldehydes such as n-octyl aldehyde, n-caprinaldehyde and dodecylaldehyde, and the like. 

As compounds other than these, according to the present invention, there can be used compounds in which a sub- 
stituent containing a heteroatom such as a halogen, nitrogen, oxygen or sulfur, or other alkyl group is substituted for 
hydrogen atom contained in hydrocarbon moiety of the above- exemplified compounds, and which satisfies that the 
value of log P is at least 2.50 or has the value of log P shown in the table on pages 555-613 in the above-mentioned 
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review by C. Hansch of "PARTITION COEFFICIENTS AND THEIR USES; Chemical Reviews, 71, page 525 (1971)" 
being at least 2.50. However, the present invention is not limited to these compounds. 

These compounds may be used alone or in admixture thereof. Further, these compounds may be combined with a 
compound satisfying that the value of log P is less than 2.50. 

5 The term "water-insoluble carrier" in the adsorbent of the present invention means a carrier which is solid and 

water-insoluble at ordinary temperature and ordinary pressure. 

As a water-insoluble carrier used in the present invention, there are an inorganic carrier such as glass beads or sil- 
ica gel; a synthetic polymer such as crosslinked-polyvinyl alcohol, crosslinked-polyacrylate, crosslinked-polyacryl 
amide or crosslinked-polystyrene and an organic carrier which comprises of polysaccharide such as crystalline cellu- 

10 lose, crosslinked-cellulose, crosslinked-agarose or crosslinked-dextran, furthermore, a composite carrier obtained from 
a combination of the above-mentioned compounds such as organic-organic carrier and organic-inorganic carrier. Par- 
ticularly, a hydrophilic carrier is preferable, because non-specific adsorption on the hydrophilic carrier is relatively poor 
and good selectivity of adsorption for IL(s) and TNF can be obtained. 

The term " hydrophilic carrier" used in the present invention means a carrier -which has at most 60 degrees of con- 

15 tact angle of a compound which constitutes the carrier with water/in case the compound is allowed to form a flat plate. 
As representative examples of such carrier, there are a carrier comprised of cellulose, and a carrier comprised of poly- 
vinyl alcohol, hydrolyzed poly(ethylene-vinyl acetate), polyacryl amide, polyacrylic acid, polymethacrylic acid, poly 
(methyl methacrylate), polyacrylic acid-grafting polyethylene, polyacrylamide-grafting polyethylene or glass. 

A carrier comprised of porous cellulose gel is one of the most preferable carriers employed in the present invention, 

20 because porous cellulose gel has the following excellent properties: 

1 . The gel has relatively high mechanical strength and toughness, and as a result of such properties the gel is 
hardly destroyed or produce fine dividing powder by an operation such as stirring, and when a column is charged 
with the gel, the ge! is not consolidated or clogged up by passing body fluid through the column at high flow rate. 

25 Therefore, it is possible to pass body fluid through the column at high flow rate. Furthermore, the structure of pore 

thereof hardly changes by high-pressure steam sterilization. 

2. the gel is comprised of cellulose, so that the gel is hydrophilic, the gel has a large amount of hydroxyl group which 
can be employed for bonding ligand and non-specific adsorption is scarcely caused. 

3. the gel has relatively high strength, even if volume of porosity thereof is enlarged, thus capacity of adsorption 
30 thereof which is not inferior to that of soft gel is obtained and 

4. safety of the gel is higher as compared with that of a synthetic polymer gel and the like. 

The present invention is not limited to only those carriers. Further, those carriers may be used alone or in admixture 
thereof. 

35 The following is a porous structure of the carrier. In view of the ability of adsorption per unit volume of the gel, a 
structure uniformly having pores at any part of the gel is more preferable than a structure having pores only on the sur- 
face of the gel. It is preferred that pore volume of the gel is at least 20 % and that specific surface area of the gel is at 
least 3 m 2 /g. And form of the carrier can be selected from any type of form such as granular, plate, fibrous or hollow 
type. Also, size of the carrier is not limited. 

40 Furthermore, it is suitable for immobilizing ligand if a functional group which can be used for immobilizing reaction 

of ligand is present on the surface of the carrier. As a representative examples of those functional groups, there are 
hydroxyl group, amino group, aldehyde group, carboxyl group, thiol group, a silanol group, an amide group, epoxy group, 
a halogen group, succinylimide group and an acid anhydride group. However, the ligand is not limited to those. 

As a carrier used in the present invention, there can be used any one of a hard carrier and a soft carrier, in order 

45 to use the carrier for extracorporeal circulation treatment it is important that the gel does not clog up when a column is 
charged with the carrier and a liquid is passed through the column. Therefore, the gel is required to have sufficient 
mechanical strength. Thus it is more preferable that the carrier used in the present invention is a hard carrier. The term 
hard carrier" used in the present invention means, for instance, in case that a gel is granulated gel as shown in Refer- 
ence Example described below, the carrier wherein a relation between pressure loss AP and flow rate is linear relation 

so up to 0.3 kg/cm 2 of pressure loss when a cylindrical column is charged with the gel and aqueous fluid is passed through 
the column. The adsorbent of the present invention is obtained by immobilizing a compound satisfying the value of log 
P of at least 2.50 onto a porous water- insoluble carrier. As a method of immobilization, various methods which are 
widely known can be employed without particular limitation. 

However, since the adsorbent of the present invention is used for extracorporeal circulation treatment, it is impor- 

55 tant to suppress desdrption and elution of ligand in sterilization or treatment to the utmost from a safety point, thus 
immobilization by using covalent bond is preferable. 

There are various processes for removing a substance to be adsorbed, i.e., the above-mentioned IL(s) and/or TNF 
by employing the adsorbent of the present invention. The most simple and easy process is a method which comprises 
being taken out body fluid containing the substance, storing the fluid in a bag, mixing the adsorbent of the present inven- 
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tion therewith, removing the substance, then removing the adsorbent through a filter and returning the fluid into the 
body. 

Another process is a process which comprises charging the adsorbent with a column which has an inlet and an out- 
let for fluid and is equipped with a means preventing the adsorbent from effusing outside of the column and passing the 

5 fluid at the outlet; and then passing body fluid through the column. Both processes can be used. The latter process is 
easy to perform procedure. By incorporating the adsorbent of the present invention into extracorporeal circulation cycle, 
the substance to be adsorbed can be efficiently removed with on-line system from body fluid, especially blood in a 
patient. The adsorbent of the present invention is suitable for this process. 

In the extracorporeal circulation cycle described in the present specification, the adsorbent of the present invention 

w can be used alone or in combination with the other extracorporeal circulation treatment system. As an example of the 
combination, there is a combination with artificial dialysis cycle, and then, the combination can also be used for dialysis 
therapy. 

The adsorber of the present invention with the adsorbent of the present invention is more specifically explained 
referring to Fig. 1 which is schematic cross section of an example. 

75 In Fig. 1 , 1 represents an inlet for body fluid; 2 represents an outlet for body fluid; 3 represents the adsorbent of the 

present invention; 4 and 5 represent a means (filter) for preventing the adsorbent from flowing out, thereby body fluid 
and a component contained in body fluid can pass but the adsorbent cannot pass; 6 represents a column; and 7 repre- 
sents the adsorber of the present invention. The adsorbent of-the present invention is not particular limited to such 
example. The adsorber of the present invention is not limited, provided that a container having an inlet and an outlet for 

20 fluid is charged with the adsorbent of the present invention and equipped with a means preventing the adsorbent from 
effusing outside of the container. 

Examples of the above-mentioned means are, for instance, a filter comprised of mesh, a filter comprised of nonwo- 
ven fabric, a filter comprised of cotton flug and the like. A shape and material of the container of the above-mentioned 
adsorber are not particularly limited. As a preferable example, there is a transparent or semitransparent cylindrical col- 

25 umn with about 150 to about 400 ml of capacity and about 4 to about 10 cm of diameter. Most preferable column is 
made of material having sterilization-resistance. Examples of the material are, for instance, glass, polypropylene, vinyl 
chloride, polycarbonate, polysulfane, poly(methyl pentene) and the like, which are coated with silicone. 

The adsorbent of the present invention can remove the above-mentioned IL(s) efficiently, in case of applying the 
adsorbent of the invention to body fluid of a patient suffering from a disease wherein ILs are produced excessively in 

30 comparison with production thereof in normal state, for example, body fluid of a patient suffering from a disease, such 
as RA, SIRS, systemic lupus erythematosus, Lyme disease, osteoporosis, Kawasaki disease, gouty arthritis, 
endometritis; premature labor, dial ytic complications such as dialysis related amyloidosis, Castleman's disease; chronic 
disease with proliferation such as mesangial nephritis or psoriasis, contact dermatitis, idiopathic fibroid lung, adult res- 
piratory distress syndrome, inflammatory bowel disease, immune angiitis, glomerular nephritis, urinary tract infection, 

35 cardiac infarction, asthma, respiratory tract infection, perinatal infectious disease, rejection in organ transplantation and 
the like, wherein ILs exist in a high concentration in comparison with concentration thereof in normal state. 

The term "IL-1" in the present invention means two kinds of IL-1, i.e., IL-1a which comprises 159 amino acids and 
has an isoelectric point of 5 and a molecular weight of about 17,500 and IL-1 p which comprises 153 amino acids and 
has an isoelectric point of from 7 to 8 and a molecular weight of about 17,000. Homology between both structures is 

40 low, about 25 %. However, both IL-la and IL-1 p bind to the same receptor and show almost the same activity except a 
part of activities. 

The term "IL-2" in the present invention means a protein comprises 133 amino acids and has a molecular weight 
of about 15,000, and a glycoprotein having sugar chain at Thr (threonine) of the 3rd position from N-terminus which is 
obtained by O-glycosylation of the above polypeptide. 

45 The term "IL-6" in the present invention means a glycoprotein which comprises 184 amino acids and has a molec- 

ular weight of about 26,000. In a molecule of IL-6, two disulfide bonds are contained. It is thought that IL-6 has alpha 
helix structure in the molecule because of primary structure of IL-6. 

The term "IL-8" in the present invention means a protein which comprises 72 amino acids and has a molecular 
weight of about 8,000, and IL-8 is strongly basic and has an affinity for heparin. Also, secondary and tertiary structure 

so of IL-8 have been made clear by NMR analysis and X-ray crystal structure analysis, and it has been revealed that IL-8 
has two disulfide bonds in a molecule and triple-stranded p -sheet structure as bone structure and that the 12 amino 
acids-residue at C-terminus of IL-8 forms alpha helix structure. 

In order to search a compound useful for adsorbing IL(s) selected from the group consisting of IL-1 , IL-2, IL-6 and 
IL-8. compounds having various values of log P were studied by immobilizing them onto the carriers. As a result, it has 

55 been found that a compound satisfying that the value of log P is at least 2.50. preferably at least 2.70. more preferably 
at least 2.90, is useful for adsorbing the above-mentioned IL(s). and that a compound having the value of log P of less 
than 2.50 hardly has an ability to adsorb the above-mentioned IL(s). It is found that for instance, when an alkylamine is 
immobilized, where n-hexylamine (log P=2.06) immobilized as an alkylamine is replaced by n-octylamine (log P=2.90), 
the ability to adsorb the above-mentioned IL(s) remarkably increases by the replacement. From these results, it can be 
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concluded that adsorption of the above-mentioned IL(s) by the adsorbent for removing IL(s) of the present invention is 
caused by hydrophobic interaction between the above-mentioned IL(s) and atomic group introduced onto a carrier by 
immobilizing a compound satisfying that the value of log P is at least 2.50 onto the carrier. It is thought that because 
hydrophobicity of a compound having the value of log P of less than 2.50 is too less, the compound has no ability to 

5 adsorb the above-mentioned IL(s). 

On the other hand, it is found that when n-octylamine is replaced by cetylamine (L f=7.22 ) of which hydrophobicity 
is higher than that of n-octylamine because of a longer alkyl chain in cetylamine, the ability to adsorb ILs further 
increases. From these results, it can be concluded that adsorption of the above-mentioned ILs by the adsorbent of the 
present invention is accomplished by immobilizing a compound satisfying that the value of log P is at least 2.50 onto a 

io carrier. It is found that the value of log P is larger, a compound having such value is more preferable as the compound 
to be used in the present invention. Further, it is thought that a compound having an alkyl chain longer than that of 
cetylamine and having higher hydrophobicity, e.g., octadecylamine (£ f=8.28 ) is immobilized onto a carrier to adsorb 
the ILs in the same or more degree in comparison with the case of immobilizing cetylamine onto a carrier. 

A property firstly required for a water-insoluble carrier used in the present invention is that the carrier has many 

75 pores having a proper size, namely, that the carrier is porous. IL-1, is a protein having a molecular weight of about 
17,000, IL-2 is a protein or glycoprotein having a molecular weight of about 15,000, IL-6 is a glycoprotein having a 
molecular weight of about 26,000, and IL-8 is a protein having a molecular weight of about 8,000, which are an object 
of adsorption of the adsorbent of the present invention. In order to adsorb these proteins efficiently, it is preferable that 
the above-mentioned ILs can enter pores of a carrier at a certain high probability, but the other protein does not enter, 

20 as much as possible. 

In general, a molecular weight of exclusion limit is used as a measure of a molecular weight of a molecule which 
can enter a pore. The term "a molecular weight of exclusion limit" means the minimum molecular weight of the molecule 
which cannot enter a pore (i.e., the molecule is excluded) in a gel permeation chromatograph (refer to e.g., Hiroyuki 
Hatano and Toshihiko Hanai, Experimental High Performance Liquid Chromatography, Kagaku Dojin and the like). 

25 Although a molecular weight of exclusion limit for globular proteins, dextran, polyethylene glycol or the like has been 
quite studied, in.the carrier used in the present invention, a molecular weight of exclusion limit measured by employing 
globular protein is suitably employed. 

As the result of the investigation using carriers having various molecular weights of exclusion limit, it is found that 
a molecular weight of exclusion limit of a pore size suitable for adsorbing the above-mentioned IL(s) is from 5 x 10 3 to 

30 6x1 0 5 . Thus, in case of using a carrier having less than 5 x 10 3 of a molecular weight of exclusion limit, the amount of 
adsorbing the above-mentioned IL(s) is low and practicability of the carrier declines. On the other hand, in case of using 
a carrier having more than 6 x 10 5 of a molecular weight of exclusion limit, the amount of adsorbing proteins (mainly 
alubumin) other than the IL(s) is high and practicability of the carrier declines in the view point of selectivity. Therefore, 
preferably a molecular weight of exclusion limit of the carrier used in the present invention is from 5 x 10 3 to 6 x 10 5 , 

35 more preferably from 8 x 1 0 3 to 4 x 1 0 5 , most preferably from 1 x 1 0 4 to 3 x 1 0 5 . 

The adsorbent of the present invention can remove TNF efficiently, in case of applying the adsorbent of the present 
invention to body fluid of a patient suffering from a disease wherein TNF is produced excessively in comparison with 
production thereof in normal state, for example, body fluid of a patient suffering from a disease, such as RA, arterial 
sclerosis, SIRS, dialytic complications such as dialysis related amyloidosis and the like, wherein TNF exists in a high 

40 concentration in comparison with concentration thereof in normal state. 

The term "TNF** in the present invention means two kinds of TNF, i.e., TNFa which comprises 157 amino acids and 
has a molecular weight of about 17,000 and TNFp which comprises 171 amino acids and has a molecular weight of 
about 25,000. Homology between their amino acid sequences is about 30 %. It is thought that both form trimers in solu- 
tions thereof. TNFa has one disulfide bond in a molecule. TNFp has no disulfide bond and sugar chain in a molecule. 

45 . In order to search a compound useful for adsorbing TNF, compounds having various values of log P were studied 
by immobilizing them onto the carriers. As a result, it has been found that a compound satisfying that the value of log P 
is at least 2.50, preferably at least 2.70, more preferably at least 2.90, is useful for adsorbing TNF, and that a compound 
having the value of log P of less than 2.50 hardly has an ability to adsorb TNF. It is found that for instance, when an 
alkylamine is immobilized, where n-hexylamine (log P=2.06) immobilized as an alkylamine is replaced by n-octylamine 

so (log P=2.90), the ability to adsorb TNF remarkably increases by the replacement. From these results, it can be con- 
cluded that adsorption of TNF by the adsorbent for removing TNF of the present invention is caused by hydrophobic 
irrtereaction between TNF and atomic group introduced onto a carrier by immobilizing a compound satisfying that the 
value of log P is at least 2.50 onto the carrier. It is thought that because hydrophobicity of a compound having the value 
of log P of less than 2.50 is too less, the compound has no ability to adsorb TNF. 

55 On the other hand, it is found that when n-octylamine is replaced by cetylamine (L f=7.22 ) of which hydrophobicity 
is higher than that of n-octylamine because of a longer alkyl chain in cetylamine, the ability to adsorb TNF further 
increases. From these results, it can be concluded that adsorption of TNF by the adsorbent of the present invention is 
accomplished by immobilizing a compound satisfying that the value of log P is at least 2.50 onto a carrier. It is found 
that the value of log P is larger, a compound having such value is more preferable as the compound to be used in the 
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present invention. Further, it is thought that a compound having an alkyl chain longer than that of cetylamine and having 
higher hydrophobicity, e.g., octadecylamine {L f=8.28 ) is immobilized onto a carrier to adsorb TNF in the same or more 
degree in comparison with the case of immobilizing cetylamine onto a carrier. 

A property firstly required for a water-insoluble carrier used in the present invention is that the carrier has many 

5 pores having a proper size, namely, that the carrier is porous. Among TNFs, TNFa is a protein having a molecular 
weight of about 1 7,000 as a monomer and a protein having a molecular weight of about 52,000 as a trimer; TNFp is a 
protein having a molecular weight of about 25,000 as a monomer and a protein having a molecular weight of about 
75,000 as a trimer, which are an object of adsorption of the adsorbent of the present invention. In order to adsorb these 
proteins efficiently, it is preferable that TNF can enter pores of a carrier at a certain high probability, but the other protein 

io does not enter, as much as possible. 

In general, a molecular weight of exclusion limit is used as a measure of a molecular weight of a molecule which 
can enter a pore. The term "a molecular weight of exclusion limit" means the minimum molecular weight of the molecule 
which cannot enter a pore (i.e., the molecule is excluded) in a gel permeation chromatograph (refer to e.g., Hiroyuki 
Hatano and Toshihiko Hanai, Experimental High Performance Liquid Chromatography, Kagaku Dojin and the like). 

75 Although a molecular weight of exclusion limit for globular proteins, dextran, polyethylene glycol or the like has been 
quite studied, in the carrier used in the present invention, a molecular weight of exclusion limit measured by employing 
globular protein is suitably employed. : 

As the result of the investigation using carriers having various molecular weights of exclusion limit, it is found that 
a molecular weight of exclusion limit of a pore size suitable for adsorbing TNF is from 1 x 10 4 to 6 x 10 5 . Thus, in case 

20 of using a carrier having less than 1 x 10 4 of a molecular weight of exclusion limit, the amount of adsorbing TNF is low 
and practicability of the carrier declines. On the other hand, in case of using a carrier having more than 6 x 10 5 of a 
molecular weight of exclusion limit, the amount of adsorbing proteins (mainly alubumin) other than TNF is high and 
practicability of the carrier declines in the view point of selectivity. Therefore, preferably a molecular weight of exclusion 
limit of the carrier used in the present invention is from 1 x 10 4 to 6 x 10 5 , more preferably from 2 x 10 4 to 4 x 10 5 , most 

25 preferably from 3 x 10 4 to 3 x 1 0 5 . 

The present invention is more specifically described and explained by means of the following Reference Example, 
Examples and Comparative Examples. It is to be understood that the present invention is not limited to the Examples, 
and various changes and modifications may be made in the invention without departing from the spirit and scope 
thereof. In Examples 17 to 20, a type TNF of TNFs was adsorbed. However, p type TNF can be also adsorbed in the 

30 same manner as a type TNF. 

Reference Example 

Each of the cylindrical glass columns equipped with the filters having pore size of 15 fim at both ends thereof 
35 (inside diameter: 9 mm, length of the column: 150 mm) was charged uniformly with agarose gel (Bio-Gel A-5m made 
by Bio-Rad Laboratories, a particle size: 50 to 100 meshes), vinyl polymer gel (TSKgel TOYOPEARL HW-65 made by 
TOSOH Corporation, a particle size: 50 to 100 u^m) or cellulose gel (CELLULOFINE GC-700m made by Chisso Corpo- 
ration, a particle size: 45 to 105 Jim), and the relationship between flow rate and pressure loss AP was determined by 
passing water through each of the columns using Peristatic pump. The results are shown in Fig. 2. 
40 As shown in Fig. 2, it is found that each flow rate in TSKgel TOYOPEARL HW-65 and CELLULOFINE GC-700m 

increases nearly in proportion to increase of pressure, but Bio-Gel A-5m is consolidated and the flow rate thereof does 
not increase in proportion to the increase of pressure. In the present invention, the gel wherein the relationship between 
pressure loss AP and flow rate is linear relationship up to 0.3 kg/cm 2 , as the former, is defined as hard gel. 

45 Example 1 

Into 170 m£ of CELLULOFINE GC-700m which is the cellulose porous hard gel (made by Chisso Corporation, 
exclusion limit of globular proteins: 4 x 10 5 ) was added water to give 340 of total volume. Thereto was added 90 
of a 2M aqueous solution of sodium hydroxide and the temperature thereof was set at 40°C. Then, thereto was added 
so 31 m£ of epichlorohydrin and allowed to react with stirring for 2 hours at 40°C . After the reaction was completed, the 
obtained mixture was fully washed with water to give epoxidated gel. 

To 10 of the above epoxidated gel was added 200 mg of n-octylamine (log P=2.90), and the mixture was allowed 
to stand in a 50 (v/v) % aqueous solution of ethano! at 45°C for 6 days to react the gel with n-octylamine. After the reac- 
tion was completed, the reaction mixture was fully washed with a 50 (v/v) % aqueous solution of ethanol, ethanol. a 50 
55 (v/v) % aqueous solution of ethanol and water in that order to give n-octylamine-immobilized gel. 

Each (0.5 mi) of the immobilized gel (the adsorbent of the present invention) and CELLULOFINE GC-700m was 
incubated at 37°C for 2 hours with 3 rrtf of normal human serum supplied with IL-1a (concentration of IL-1a : 3 ng/rrtf) 
which was prepared by adding E. coli -expressed recombinant human IL- 1a (made by R & D systems) to normal human 
serum (made by DAINIPPON PHARMACEUTICAL CO., LTD.). 
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Each concentration of IL-1 a in supernatants obtained before and after incubation was measured by means of a kit 
for measuring human IL-1a made by CAYMAN CHEMICAL COMPANY, and then adsorption ratio thereof was calcu- 
lated. Also, with respect to E. coli -expressed recombinant human IL-1 p (made by R&D systems), normal human serum 
supplied with IL-ip was prepared, and then experiment of adsorption was carried out in the same manner as in the 
experiment for IL-1 a . Concentration of IL-1 p was measured with a kit for measuring human IL-ip made by R & D sys- 
tems, and adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) of IL-1 a 


Adsorption ratio (%) of IL-1 p 


CELLULOFtNE GC-700m 


0 


0 


n-Octylamine-immobilized gel 


65 


63 



Example 2 

20 The procedure of Example 1 was repeated except that cetylamine (£f=7.22) was employed instead of n- 
octylamine and ethanol was employed as a solvent for reaction of immobilization instead of a 50 (v/v) % aqueous solu- 
tion of ethanol to give cetylamine-irrimobilized gel (the adsorbent of the present invention). Thus obtained gel was used 
to carry out experiment of adsorption in the same manner as in Example 1 . Each concentration of IL-1 a. and IL-1 p was 
measured, and then adsorption ratio thereof was calculated- 



Results 




Adsorption ratio (%) of IL-1 a 


Adsorption ratio (%) of IL-ip 


CELLULOFINE GC-700m 


0 


0 


Cetylamine-immobilized gel 


36 


87 



35 

Example 3 



The procedure of Example 1 was repeated except that CELLULOFINE GC-200m (made by Chisso Corporation, 
exclusion limit of globular proteins: 1 .4 x 10 5 ) was employed, instead of CELLULOFINE GC-700m to give n-octylamine- 
40 immobilized gel (the adsorbent of the present invention). Thus obtained gel was used to carry out experiment of adsorp- 
tion in the same manner as in Example 1 . Each concentration of IL-1 a and IL-ip was measured, and then adsorption 
ratio thereof was calculated. 



Results 




Adsorption ratio (%) of IL-1 a 


Adsorption ratio (%) of IL-ip 


CELLULOFINE GC-200m 
n-Octylamine-immobilized gel 


0 
68 


0 
70 



Example 4 

The procedure of Example 1 was repeated except that CELLULOFINE GC-200m was employed instead of CEL- 
LULOFINE GC-700m and cetylamine was employed instead of n-octylamine to give cetylamine-immobilized gel (the 
adsorbent of the present invention). Thus obtained gel was used to carry out experiment of adsorption in the same man- 
ner as in Example 1 . Each concentration of IL-1 a and IL-1 p was measured and adsorption ratio thereof was calculated. 



10 



EP 0 723 794 A1 



Results 




Adsorption ratio (%) of lL-1a 


Adsorption ratio (%) of IL-ip 


CELLULOFINE GC-200m 


0 


0 


Cetylamine-immobilized gel 


90 


91 



Comparative Example 1 

The procedure of Example 1 was repeated except that n-butylamine (log P=0.97) was employed instead of n- 
75 octylamine to give n-butylamine-immobilized gel. Thus obtained gel was used to carry out experiment of adsorption in 
the same manner as in Example 1 . Each concentration of IH a and IL-1 p was measured, and then adsorption ratio 
thereof was calculated. \ 



Results 




Adsorption ratio (%) of IL-1 a 


Adsorption ratio (%) of IL-1 p 


CELLULOFINE GC-700m 


0 


0 


n-Butylamine-immobilized gel 


2 


1 



Comparative Example 2 

The procedure of Example 1 was repeated except that n-hexylamine (log P=2.06) was employed instead of n- 
octylamine to give n-hexylamine-immobilized gel. Thus obtained gel was used to carry out experiment of adsorption in 
the same manner as in Example 1. Each concentration of IL-1 a and IL-ip was measured, and then adsorption ratio 
thereof was calculated. 



Results 




Adsorption ratio (%) of IL-1 a 


Adsorption ratio (%) of IL-1 p 


CELLULOFINE GC-700m 


0 


0 


n-Hexylamine-immobilized gel 


3 


3 



45 

Example 5 

Each (0.5 m/) of the n-octylamine-immobiiized ge! (the adsorbent of the present invention) obtained in the same 
manner as in Example 1 and CELLULOFINE GC-700m was incubated at 37°C for 2 hours with 3 of normal human 
so serum supplied with IL r 6 (concentration of IL-6: 0.42 ng/m/) which was prepared by adding Chinese Hamster Ovary 
cell-derived recombinant human IL-6 (made by Genzyme Corporation) to normal human serum (made by DAINIPPON 
PHARMACEUTICAL CO, LTD.). 

Each concentration of IL-6 in supernatants obtained before and after incubation was measured by means of a kit 
for measuring human IL-6 made by BIOSOURCE INTERNATIONAL, and then adsorption ratio thereof was calculated. 

55 
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Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Octylamine- immobilized gel 


0 
63 



Example 6 

The procedure of Example 1 was repeated except that cetylamine (L f=7. 22 ) was employed instead of n- 
is octylamine and ethanol was employed as a solvent for reaction of immobilization instead of a 50 (v/v) % aqueous solu- 
tion of ethanol to give cetylamine-immobilized gel (the adsorbent of the present invention). Thus obtained gel was used 
to carry out experiment of adsorption in the same manner as in Example 5. Concentration of IL-6 was measured, and 
then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
Cetylamine-immobilized gel 


0 
90 



30 Example 7 

The procedure of Example 1 was repeated except that CELLULOFINE GC-20Om was employed instead of CEL- 
LULOFINE GC-700m to give n-octylamine-immobiiized gel (the adsorbent of the present invention). Thus obtained gel 
was used to carry out experiment of adsorption in the same manner as in Example 5. Concentration of IL-6 was meas- 
35 ured, and then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-200m 
n-Octylamine-immobilized gel 


0 
67 



Example 8 

The procedure of Example 1 was repeated except that CELLULOFINE GC-200m was employed instead of CEL- 
50 LULOFINE GC-700m and cetylamine was employed instead of n-octylamine to give cetylamine-immobilized gel (the 
adsorbent of the present invention). Thus obtained gel was used to carry out experiment of adsorption in the same man- 
ner as in Example 5. Concentration of IL-6 was measured and adsorption ratio thereof was calculated. 



55 
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Results 




Adsorption ratio (%) 


CELLULOFINE GC-200m 
Cetylamine-immobilized gel 


0 
96 



10 

Comparative Example 3 

The procedure of Comparative Example 1 was repeated to give n-butylamine-immobilized gel. Thus obtained gel 
is was used to carry out experiment of adsorption in the same manner as in Example 5. Concentration of IL-6 was meas- 
ured, and then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Butylamine-immobilized gel 


0 
1 



25 



Comparative Example 4 

30 The procedure of Comparative Example 2 was repeated to give n-hexylamine-immobilized gel. Thus obtained gel 
was used to carry out experiment of adsorption in the same manner as in Example 5. Concentration of IL-6 was meas- 
ured, and then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Hexylamine-immobilized gel 


0 
4 



Example 9 

45 

Each (0.5 m/) of the n-octylamine-immobilized gel (the adsorbent of the present invention) obtained in the same 
manner as in Example 1 and CELLULOFINE GC-700m was incubated at 37°C for 2 hours with 3 rrtf of normal human 
serum supplied with IL-2 (concentration of IL-2: 0.81 ng/mt) which was prepared by adding E. coli -expressed recom- 
binant human IL-2 (made by Becton Dickinson Labware) to 80 ml of normal human serum (made by DAINIPPON 
so PHARMACEUTICAL CO., LTD.). 

Each concentration of IL-2 in supernatants obtained before and after incubation was measured by means of a kit 
for measuring human IL-2 made by R & D systems, and then adsorption ratio thereof was calculated. 



55 
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Results 




Adsorption ratio (%) 


CELLULOFINE GC-7O0m 
n-Octylamine-immobilized gel 


0 
60 



Example 10 

The procedure of Example 9 was repeated except that cetylamine (Lf=7.22) was employed instead of n- 
octylamine and ethanol was employed as a solvent for reaction of immobilization instead of a 50 (v/v) % aqueous solu- 
tion of ethanol to give cetylamine-immobilized gel (the adsorbent of the present invention). Thus obtained gel was used 
to carry out experiment of adsorption in the same manner as in Example 9. Concentration of IL-2 was measured, and 
then adsorption ratio thereof was calculated. <; 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
Cetylamine-immobilized gel 


0 

82. 



Example 11 

The procedure of Example 9 was repeated except that CELLULOFINE GC-200m was employed instead of CEL- 
LULOFINE GC-700m to give n-octylamine-immobilized gel (the adsorbent of the present invention). Thus obtained gel 
was used to carry out experiment of adsorption in the same manner as in Example 9. Concentration of IL-2 was meas- 
ured, and then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-200m 
n-Octylamine-immobilized gel 


0 
66 



Example 12 

The procedure of Example 9 was repeated except that CELLULOFINE GC-200m was employed instead of CEL- 
LULOFINE GC-700m and cetylamine was employed instead of n-octylamine to give cetylamine-immobilized gel (the 
adsorbent of the present invention). Thus obtained gel was used to carry out experiment of adsorption in the same man- 
ner as in Example 9. Concentration of IL-2 was measured and adsorption ratio thereof was calculated. 
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Results 




Adsorption ratio (%) 


CELLULOFINE GC-200m 
Cetylamine-immobilized gel 


0 

85 



Comparative Example 5 

The procedure of Example 9 was repeated except that n-butylamine (log P=0.97) was employed instead of n- 
15 octylamine to give n-butylamine-immobilized gel. Thus obtained gel was used to carry out experiment of adsorption in 
the same manner as in Example 9. Concentration of IL-2 was measured, and then adsorption ratio thereof was calcu- 
lated. ■ \ ■ ' 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Butylamine-immobilized gel 


0 
0 



Comparative Example 6 ^ 

The procedure of Example 9 was repeated except that n-hexylamine (log P=2.06) was employed instead of n- 
octylamine to give n-hexylamine-immobilized gel. Thus obtained gel was used to carry out experiment of adsorption in 
the same manner as in Example 9. Concentration of IL-2 was measured, and then adsorption ratio thereof was calcu- 
lated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Hexylamine-immobilized gel 


0 
0 



45 

Example 13 

Each (0.5 xr\l) of the n-octylamine-immobilized gel (the adsorbent of the present invention) obtained in the same 
manner as in Example 1 and CELLULOFINE GC-700m was incubated at 37°C for 2 hours with 3 ml of normal human 
so serum supplied with IL-8 (concentration of IL-8: 7.4 ng/m£) which was prepared by adding E. col i -express ed recom- 
binant human IL-8 (made by R & D systems) to normal human serum (made by DAINIPPON PHARMACEUTICAL CO., 
LTD.). 

Each concentration of IL-8 in supernatants obtained before and after incubation was measured by means of a kit 
for measuring human IL-8 made by R & D systems, and then adsorption ratio thereof was calculated. 

55 ■ 
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Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Octylamine-immobilized gel 


0 
35 



Example 14 

The procedure of Example 13 was repeated except that cetylamine (Lf=7.22) was employed instead of n- 
15 octylamine and ethanol was employed as a solvent for reaction of immobilization instead of a 50 (v/v) % aqueous solu- 
tion of ethanol to give cetylamine-immobilized gel (the adsorbent of the present invention). Thus obtained gel was used 
to carry out experiment of adsorption in the same manner as in Exampje 13. Concentration of IL-8 was measured, and 
then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
Cetylamine-immobilized gel 


0 
88 



30 Example 15 

The procedure of Example 13 was repeated except that CELLULOFINE GC-200m was employed instead of CEL- 
LULOFINE GC-700m to give n-octylamine-immobilized gel (the adsorbent of the present invention). Thus obtained gel 
was used to carry out experiment of adsorption in the same manner as in Example 13. Concentration of IL-8 was meas- 
35 ured, and then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-200m 
n-Octylamine-immobilized gel 


0 
51 



Example 16 

The procedure of Example 13 was repeated except that CELLULOFINE GC-200m was employed instead of CEL- 
so LULOFINE GC-700m and cetylamine was employed instead of n-octylamine to give cetylamine-immobilized gel (the 
adsorbent of the present invention). Thus obtained gel was used to carry out experiment of adsorption in the same man- 
ner as in Example 13. Concentration of IL-8 was measured and adsorption ratio thereof was calculated. 
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Results 




Adsorption ratio (%) 


CELLULOFINE GC-200m 
Cetylamine-immobilized gel 


0 
93 



Comparative Example 7 • 

The procedure of Example 13 was repeated except that n-butylamine (log P=0.97) was employed instead of n- 
15 octylamine to give n-butylamine-immobilized gel. Thus obtained gel was used to carry out experiment of adsorption in 
the same manner as in Example 13. Concentration of IL-8 was measured, and then adsorption ratio thereof was calcu- 
lated. 

"V. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Butylamine- immobilized gel 


0 
0 



Comparative Example 8 

The procedure of Example 13 was repeated except that n-hexylamine (log P=2.06) was employed instead of n- 
octylamine to give n-hexylamine-immobilized gel. Thus obtained gel was used to carry out experiment of adsorption in 
the same manner as in Example 13. Concentration of IL-8 was measured, and then adsorption ratio thereof was calcu- 
lated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Hexylamine-immobilized gel 


0 
2 



45 

Example 17 

Into 1 70 n)£ of CELLULOFINE GC-700m which is the cellulose porous hard gel was added water to give 340 of 
total volume. Thereto was added 90 m^ of a 2M aqueous solution of sodium hydroxide and the temperature thereof was 
so set at 40°C. Then, thereto was added 31 me of epichlorohydrin and allowed to react with stirring for 2 hours at 40°C . 
After the reaction was completed, the obtained mixture was fully washed with water to give epoxidated gel. 

To 1 0 m^ of the above epoxidated gel was added 200 mg of n-octylamine (log P=2.90) , and the mixture was allowed 
to stand in a 50 (v/v) % aqueous solution of ethanol at 45°C for 6 days to react the gel with n-octylamine. After the reac- 
tion was completed, the reaction mixture was fully washed with a 50 (v/v) % aqueous solution of ethanol, ethanol. a 50 
55 (v/v) % aqueous solution of ethanol and water in that order to give n-octylamine-immobilized gel. 

Each (0.5 ml) of the immobilized gel (the adsorbent of the present invention) and CELLULOFINE GC-700m was 
incubated at 37°C for 2 hours with 3 m^ of norma! human serum supplied with TNFa (concentration of TNFa : 7.4 
ng/mi) which was prepared by adding E. coli -expressed recombinant human TNFa (made by R & D systems) to normal 
human serum (made by DAINIPPON PHARMACEUTICAL CO.. LTD.). 
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Each concentration of TNFa in supernatants obtained before and after incubation was measured by means of a kit 
for measuring human TNFa (made by BIOSOURCE INTERNATIONAL), and then adsorption ratio thereof was calcu- 
lated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Octylamine-immobilized gel 


0 
43 



75 Example 18 

The procedure of Example 17 was repeated except that cetylamine (£f=7.22) was employed instead of n- 
octylamine and ethanol was employed as a solvent for reaction of immobilization instead of a 50 (v/v) % aqueous solu- 
tion of ethanol to give cetylamine-immobilized gel (the adsorbent of the present invention). Thus obtained gel was used 
20 to carry out experiment of adsorption in the same manner as in Example 17. Concentration of TNFa was measured, 
and then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
Cetylamine-immobilized gel 


0 
85 



Example 19 

35 The procedure of Example 17 was repeated except that CELLULOFINE GC-200m was employed instead of CEL- 
LULOFINE GC-700m to give n-octylamine-immobilized gel (the adsorbent of the present invention). Thus obtained gel 
was used to carry out experiment of adsorption in the same manner as in Example 17. Concentration of TNFa was 
measured, and then adsorption ratio thereof was calculated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-200m 
n-Octylamine-immobilized gel 


0 
55 



so Example 20 

The procedure of Example 17 was repeated except that CELLULOFINE GC-200m was employed instead of CEL- 
LULOFINE GC-700m and cetylamine was employed instead of n-octylamine to give cetylamine-immobilized gel (the 
adsorbent of the present invention). Thus obtained gel was used to carry out experiment of adsorption in the same man- 
55 ner as in Example 17. Concentration of TNFa was measured and adsorption ratio thereof was calculated. 
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Results 




Adsorption ratio (%) 


CELLULOFINE GC-200m 
Cetylamine-immobilized gel 


0 
91 



Comparative Example 9 

The procedure of Example 17 was repeated except that n-butylamine (log P=0.97) was employed instead of n- 
15 octylamine to give n-butylamine-immobilized gel. Thus obtained gel was used to carry out experiment of adsorption in 
the same manner as in Example 17. Concentration of TNFa was measured, and then adsorption ratio thereof was cal- 
culated. ' \ 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Butylamine-immobilized gel 


0 
0 



Comparative Example 10 

The procedure of Example 17 was repeated except that n-hexylamine (log P=2.06) was employed instead of n- 
octylamine to give n-hexylamine-immobilized gel. Thus obtained gel was used to carry out experiment of adsorption in 
the same manner as in Example 1 7. Concentration of TNFa was measured, and then adsorption ratio thereof was cal- 
culated. 



Results 




Adsorption ratio (%) 


CELLULOFINE GC-700m 
n-Hexylamine-immobilized gel 


0 
5 



45 In addition to the ingredients used in the Examples, other ingredients can be used in the Examples as set forth in 

the specification to obtain substantially the same results. 

Claims 

so 1 . An adsorbent for removing at least one interleukin selected from the group consisting of interleukin-1 , interteukin- 
2, interleukin-6 and interleukin-8, which comprises a porous water- insoluble carrier and a compound satisfying the 
value of log P of at least 2.50, in which P is a distribution coefficient in an octanol-water system and being immobi- 
lized onto the carrier. 

55 2. The adsorbent of Claim 1 , wherein the porous water-insoluble carrier has a molecular weight of exclusion limit 
measured with globular proteins of from 5 x 10 3 to 6 x 10 5 . 

3. A process for removing at least one interleukin selected from the group consisting of interleukin-1, interleukin-2, 
interleukin-6 and interleukin-8 in body fluid, which comprises bringing the body fluid into contact with an adsorbent 
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for removing at least one interleukin selected from the group consisting of interleukin-1, interleukin-2, interleukin-6 
and interleukin-8, which comprises a porous water-insoluble carrier and a compound satisfying the value of log P 
of at least 2.50, in which P is a distribution coefficient in an octanol-water system and being immobilized onto the 
carrier. 

5 

4. An adsorber for removing at least one interleukin selected from the group consisting of interleukin-1 , interleukin-2, 
interleukin-6 and interleukin-8, wherein a container having an inlet and an outlet for fluid is charged with an adsorb- 
ent for removing at least one interleukin selected from the group consisting of interleukin-1 , interleukin-2, inter- 
leukin-6 and interleukin-8, which comprises a porous water-insoluble carrier and a compound satisfying the value 

w of log P of at least 2.50, in which P is a distribution coefficient in an octanol-water system and being immobilized 
onto the carrier, and is equipped with a means preventing the adsorbent from effusing outside of the container. 

5. An adsorbent for removing tumor necrosis factor, which comprises a porous water-insoluble carrier and a com- 
pound satisfying the value of log P of at least 2.50, in which P is a distribution coefficient in an octanol-water system 

is and being immobilized onto the carrier. 

6. The adsorbent of Claim 5, wherein the porous water-insoluble carrier has a molecular weight of exclusion limit 
measured with globular proteins of from 1 x 10 4 to 6 x 10 5 . \ 

20 7. A process for removing tumor necrosis factor in body fluid, which bringing the body fluid into contact with an adsorb- 
ent for removing tumor necrosis factor, which comprises a porous water-insoluble carrier and a compound satisfy- 
ing the value of log P of at least 2.50, in which P is a distribution coefficient in an octanol-water system and being 
immobilized onto the carrier. 

25 8. An adsorber for removing tumor necrosis factor, wherein a container having an inlet and an outlet for fluid is 
charged with an adsorbent for removing tumor necrosis factor, which comprises a porous water-insoluble carrier 
and a compound satisfying the value of log P of at least 2.50, in which P is a distribution coefficient in an octanol- 
water system and being immobilized onto the carrier, and is equipped with a means preventing the adsorbent from 
effusing outside of the container. 

30 

9. Use of for an adsorbent for removing at least one interleukin selected from the group consisting of interleukin-1, 
interleukin-2, interleukin-6 and interleukin-8, which comprises a porous water-insoluble Garrier and a compound 
satisfying the value of log P of at least 2.50, in which P is a distribution coefficient in an octanol-water system and 
being immobilized onto the carrier," for removing the above-mentioned at least one interleukin from body fluid. 

35 

10. Use of an adsorbent for removing tumor necrosis factor, which comprises a porous water-insoluble carrier and a 
compound satisfying the value of log P of at least 2.50, in which P is a distribution coefficient in an octanol-water 
system and being immobilized onto the carrier, for removing tumor necrosis factor from body fluid. 

40 



45 



50 



55 
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FIG. 1 
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FIG. 2 
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